EMG biofeedback has yielded some benefits but has been limited to repetitive movement, therefore, it is insufficient for current taskoriented neurorehabilitation paradigms.
Introduction
According to the World Health Organization (WHO), cardiovascular diseases are the leading cause of death worldwide; among them, stroke is the third cause of disability-adjusted life year (DALY) (1) . Most of the patients who survive have an incomplete motor recovery after six months; the main sequel is hemiparesis (50%), followed by cognitive, gait, affective, sensory and language deficits (2) . A year after the stroke, 60% of patients present some kind of dependence. This figure increases to 66% at three years (3), which affects both families and the State socially and economically.
The effects of strokes alter the occupational performance of patients by making them unable to meet the expectations of their role and the demands of the activities performed on a daily basis. For example, changes in basic activities of daily living (BADL), which consist of body self-care tasks, show a dependence rate of 58.6% at six months and 50% at one year. Bathing, going upstairs and dressing are the most affected and the most difficult activities to achieve independently (4) . For occupational therapists, training in BADL is paramount, but there is little evidence of techniques or tools that can facilitate this process.
Electromyographic biofeedback (EMG-BF) is recommended for the treatment of various conditions after a stroke (5) , making patients more aware of muscle activity and helping to control the level of muscle contraction applied. However, the technique is used in the training of specific and repetitive movements, outside the context of functional activities of daily living, therefore, it is still insufficient for current paradigms of neurorehabilitation and the concept of rehabilitation for occupational therapy (OT). Therefore, this research uses the EMG-BF during the execution of BADL, explicitly including feedback in a functional and motivating therapeutic process. It also proposes a hypothesis consisting of the use of EMG-BF during BADL training for significantly improving the level of independence, motor functioning and performance satisfaction compared with BADL training without EMG-BF.
As discussed above, the objective of this research was to evaluate whether the application of EMG-BF in the upper limbs during BADL training improves the level of independence, motor functioning and satisfaction in performance, compared to training BADL without EMG-BF.
Materials and methods

Design, selection and description of participants
A randomized pilot clinical study was conducted with stroke patients. Two intervention procedures were proposed: a control group that underwent conventional occupational therapy (COT) and an experimental group that was treated with conventional occupational therapy plus EMG-BF (COT+EMG-BF).
Independence in BADL is a relevant parameter to be assessed during rehabilitation studies after a stroke (3, 4) ; therefore, the sample size was calculated based on this variable and on another study of EMG-BF for which the Barthel index was used (6) . This research aimed to achieve an improvement of 40% of independence during BADL, with a statistical power of 80%, in a sample size of 14 patients per group -control and experimental-. However, as this is a pilot study, 50% of the sample was included, that is, seven patients per group. The sample was made up of patients suffering from the effects of a stroke, who lived in the Commune of Santiago, Chile, for eight consecutive months.
For selection, a non-probabilistic intentional sampling was conducted, considering the following inclusion criteria: age between 18 and 70 years old, hemiparesis as consequence of unilateral ischemic stroke of at least six months and a maximum of three years of evolution at the time inclusion, only one stroke or previous events without effects, active range of motion ≥20° for wrist extension and >10° for finger extension (7) . Meanwhile, the exclusion criteria were sensory and perceptual disturbances, cognitive impairment in the Folstein Mini-Mental State Examination, affective disorders without treatment and painful shoulder or shoulder subluxation.
After signing the informed consent, patients were randomly assigned to one group. This process was conducted by a third party unrelated to the study and to the patients, who did not know the clinical record and maintained allocation concealment to researchers. For distribution, random number sequences generated by computer were used. All patients were enrolled by an internist and the assignment was made by an occupational therapist.
Data collection methods
Participants in both groups were evaluated before and after completing the intervention. To assess the primary outcome (level of independence) the Barthel index, which has a score range from 0 to 100 points, was used (8) (9) (10) (11) (12) . The following tests were used for secondary outcomes: 1) Instrumental Activities of Daily Living (IADL), with score 0-8 (13); 2) Action Research Arm Test (ARAT) to assess manipulative ability with a score of 0-56 (14); 3) Motor Activity Log (MAL) to know self-perception of quality and use of the affected upper limbs in daily activities with score 0-5 (15,16); 4) Mini-Mental State Folstein to detect cognitive impairment during enrollment with score of 0-30 (17) , and 5) Canadian Occupational Performance Measure (COPM) to quantify the self-perceived change in occupational performance and satisfaction with a score of 0-10 (18). Selected guidelines are consistent with correct psychometric measures (12, 14, 16, 18) .
The evaluators were two occupational therapists who had no contact with the patients and who were masked to the group of subjects. These therapists were familiar with the aforementioned tests and unified the application criteria through training with patients.
Procedures
The procedures followed the ethical standards of the Declaration of Helsinki and were reviewed and approved by the ethics committee of Universidad Central de Chile.
It is important to clarify that EMG-BF was used during the execution of BADL by patients and not during repetitive training of analytical movements. Both control and experimental groups attended 10 60-minutes intervention sessions, three times a week, and two evaluation sessions, one at the beginning and the other at the end of the study. Depending on the level of importance attributed to COPM assessment, two BADL were selected to be worked with each participant; these activities had to meet two criteria: being a bimanual activity and promoting the use of gravitational muscles of the upper limbs.
The session for the control group was structured as follows: 1) patient preparation (5 minutes) which involved explaining the activities during the session and removing all elements that may hinder the work; 2) low-impact therapeutic activities that promoted flexion, abduction and external rotation of shoulder, elbow extension, forearm supination, wrist extension, and extension and abduction of long fingers and thumbs (10 minutes); 3) BADL training with activation and facilitation of movement in shoulder, elbow, wrist and fingers accordingly (40 minutes) and 4) relaxation of the exercised segment (5 minutes).
For the experimental group, each session was structured as follows: 1) preparation of the patient, and apart from the activities performed by the control group, activities like skin cleansing and application of electrodes were added (5 minutes); 2) low-impact therapeutic activities that promoted flexion, abduction and external rotation of shoulder, elbow extension, forearm supination, wrist extension and extension and abduction of long fingers and thumbs (10 minutes); 3) BADL training with activation and facilitation of movement in shoulder, elbow, wrist and fingers, accordingly, using EMG-BF in the selected antigravity muscles (30 minutes); 4) ADL training without using EMG-BF (10 minutes), and 5) relaxation of the exercised segment (5 minutes). The feedback received by the patient through a visual and auditory stimulus was positive.
Four occupational therapists participated in the interventions; their criteria were unified through a written set of practice guidelines and classroom training for using EMG-BF. To verify the implementation of the intervention stages, each patient had a treatment log sheet where the auditor could check compliance.
The persons responsible for enrollment, assessment, recording and analysis of data were masked. Given the characteristics of the intervention, the occupational therapist could not be masked.
Data analysis
The descriptive statistical analysis of the variables was obtained with the median p25-p75. The significance level used in the analysis was p<0.05 with two tails. To compare variables between the two groups, the Wilcoxon test was used. Data also were analyzed and tested again by an outside statistician using the SPSS 19 software.
Results
For eight months, 90 patients were evaluated; 14 of them were recruited and randomized -7 in the control group and 7 in the trial group-without losing any of them during follow-up ( Figure 1 ). No dangerous actions occurred in any of the patients in both groups. The 14 patients were included in the intention-to-treat population and their demographic, clinical and functional baseline characteristics did not differ (Table 1) . The protocol of the experimental group was modified because 10 and not 5 minutes were used for the conditioning of the patient, since the skin cleaning and electrode placement procedures took longer than expected. All other the steps of the protocol remained unchanged in both the control and the experimental group, which was verified through the treatment log sheet filled by the occupational therapist after each session.
The results related to independence show that the experimental group achieved significantly higher levels than the control group. BADL were evaluated using the Barthel index; the experimental group received 15 points more than the median of the control group, reaching 100 points (p<0.05). Also, 57% of patients in the experimental group reached the highest level of independence unlike the control group, where no patients achieved this level (Table 2 and Figure 2 ). This result shows a statistical power of 81%. The experimental group showed an increase of three points in its median for the IADL evaluated using the IADL proposal by Lawton & Brody (13) , in contrast with the single point obtained by the control group (p=0009) ( Table 2) .
The experimental group also obtained significant improvements in motor functioning, unlike the control group, with final results of 40 points (Med=35-45) in the ARAT tests versus 20 (Med=15-38), respectively (p=0.026) (Figure 3) . The results obtained in the self-perception assessments show significant differences in the experimental group in all aspects measured by MAL and COPM tests, in quantity, quality, performance and satisfaction. The results of the MAL test regarding quantity showed scores of 3.16 (Med=2.5-3.66) and 1.33 (Med=0.13-2.33) for the experimental and the control groups, respectively (p<0.05) ( Table 2 ). In addition, according to the MAL test on quality, significant differences were found in the experimental group (p<0.05) ( Table 2 ). Regarding COPM, the greatest statistical difference was obtained in the performance assessment, where the experimental group received a score of 3.5 (Med=3-3.5) versus 2 (Med=1-3) of the control group (p=0.004) ( Table 2) .
Finally, although patients of the experimental group achieved higher levels of satisfaction in the performance than the control group in COPM, the scores were similar (p<0.05) ( Table 2 ).
Discussion
The novelty of this research relates to the evaluation of the EMG-BF application during training of basic BADL. This approach attempts to maximize the probabilities offered by a treatment that combines the use of EMG-BF with task-oriented therapy, a key contemporary paradigm in terms of vision, and a historical paradigm regarding motor learning in the work of the occupational therapist (19) .
The use of the EMG-BF technique during the execution of a significant BADL was a major contribution to increasing independence, which achieved better results than those obtained in another study of EMG-BF in upper limbs (6) . Not only progress was achieved in the selected activities, but also in other basic and even instrumental activities. This is consistent with other studies on strokes that incorporate motivational activities such as games or virtual reality and that support the importance of considering the patient's motivation in the rehabilitation process because motor learning not only requires practice, but also motivation with functional objective activities for brain reorganization (20) .
BADL were selected as the basis of treatment because these are the activities with the highest degree of alteration and dependence six months after the stroke (4); likewise, patients were allowed to make their own choice of BADL to work on, prioritizing them according to the self-perceived degree of importance. This motivated patients to take a more active role in treatment decisions and increase their independence, which is considered a positive factor in the clinical and functional evolution (21) .
Moreover, the consequences associated with stroke often produce, to a greater or lesser extent, changes in the necessary sensory feedback for the control and motor learning, limiting the ability of patients to acquire, change or adjust skills because the actual functioning of their bodies is not perceived correctly. In this sense, other studies report the benefits of using EMG-BF in the rehabilitation of hemiparesis in upper and lower limbs after a stroke in contrast with conventional management (22) (23) (24) (25) , as well as the importance of simultaneous visual or auditory feedback for promoting better performance (26) . Generally, and except for a couple of experiences of case studies in cases of gait training (27, 28) , the technique has been integrated into therapies whose work and measuring results are based on analytic movement or its components, without ensuring the transfer of individual movements to the complexity of an everyday activity.
In this study, the use of EMG-BF during the execution of a BADL provided an amplification of muscle signals through the visualauditory feedback that compensated the feedback deficit of patients, allowing them a greater awareness and precision in muscle activation control during an activity. Awareness about muscle function during a motivating activity plays an important role in the acquisition of movement patterns because, if a process is hidden or is not perceived by the nervous system, it is less capable of correcting any problems in the quality of performance (29) . Therefore, feedback, the use of therapeutic activities oriented to tasks, as well as motivation, play a fundamental role in motor learning and have shown to be a contribution to treatment (20, 30, 31) .
In addition to the benefits achieved in BADL, finding better performance of ADLs was not expected since this aspect is not evaluated by other studies; this suggests that patients, having greater awareness of their motor skills, can transfer learning more effectively to other activities. This is seen in the independence achieved in activities such as meal preparation, housekeeping and purchases.
In relation to advances in motor performance, the results show that patients in the experimental group improved the functional mobility of the affected upper limb, a key factor for incorporation into everyday unimanual and bimanual activities, e.g. using a knife and fork, holding a glass, grabbing cleaning products, etc. The scores obtained at the end of the intervention are similar to other techniques of upper limbs rehabilitation after stroke, such as mirror therapy or restriction of movement therapy (32, 33) . In this regard, the results suggest that there is a relationship between the benefits obtained in objective motor evaluation (ARAT) and better subjective perception by patients, both on the incorporation of the affected upper limb in daily activities, and quality perception of their movements, one of the objectives of the study. In the same vein, the COPM test showed significant progress in the perception and satisfaction of performance in the chosen BADL, essential factors for achieving successful outcomes in rehabilitation (34) .
The structure adopted in the intervention protocol favored the learning of patients. However, the time initially estimated for each session (one hour) was insufficient, since, on average, the sessions were one hour and five minutes long due to a longer time for conditioning of the patient (10 and not 5 minutes), an aspect to improve in future studies. It should also be noted that the EMG-BF surface did not allow obtaining reliable data on small upper limb muscles, which was possibly related to the fine motor tong activities being referred as more difficult by patients, for example, using keys to open doors, buttoning/unbuttoning, putting on/taking off bras, zipping/unzipping. Finally, the potential limitations when generalizing the study results must be recognized taking into account the limited sample of individuals with chronic stroke that was tested. The results are only applicable to people with similar characteristics to the participant group. A greater number of patients is necessary to extrapolate the results, but this is still a significant and interesting alternative to the conventional use of EMG-BF.
Conclusion
The use of EMG-BF during BADL yielded significant progress in all defined parameters: motor, occupational and satisfaction levels, constituting a complement to the rehabilitation treatment of people with sequelae of stroke.
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